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DESCRIPTION 



FUEL CELL SYSTEM 



[Technical Field] 

The present invention relates to a fuel cell system configured to 
generate electric power using a fuel cell. 
[Background Art] 

In some conventional fuel cell systems, an operation is changed 
according to a power load or a heat load for the purpose of carrying out 
economical power generation operation. For example, there has been 
disclosed a fuel cell system in which, when desired electric power is supplied 
to a power load, a cost necessary to generate the electric power in the fuel cell 
is compared to a cost necessary to supply the electric power in a power system 
to determine whether or not the fuel cell supplies the electric power, thus 
determining whether or not the fuel cell should operate (for example, 
Japanese Laid-Open Patent Application Publication No. 2002-190308). 

Fig. 17 shows the conventional fuel cell system disclosed in Japanese 
Laid-Open Patent Application Publication No. 2002-190308. A fuel 
generator 11 in Fig. 17 is configured to generate a fuel gas containing 
hydrogen through a reforming reaction of a material such as a natural gas in 
steam-containing atmosphere, and to supply the fuel gas to a fuel cell 13. 
The fuel cell 13 is configured to generate electric power through an 
electrochemical reaction using the fuel gas supplied from the fuel generator 11 
to the fuel cell 13 and an oxidizing gas such as air supplied from an oxidizing 
gas supply means 12 to the fuel cell 13. The generated electric power is 
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supplied from a power supply means 15 to a power load 14. A power value 
detecting means 16 detects electric power consumed in the power load 14. A 
controller 23 compares a cost necessary when the fuel cell 13 generates and 
supplies the detected electric power to a cost necessary when the power 
system supplies the detected electric power, and determines which of the 
power supply sources is less costly. When the power generation in the fuel 
cell 13 is less costly, the power supply means 15 supplies the electric power 
from the fuel cell 13 to the power load 14. 

In the fuel cell system, it is necessary to increase temperatures of 
various components including the fuel cell, up to that at which power 
generation can start, before the power generation starts, and an energy for 
increasing the temperatures is necessary. However, in the above described 
conventional fuel cell system, an energy required for start-up has not been 
taken into account, and difference between an actual cost and a calculated 
cost becomes large if the start-up and stop take place frequently. 

[Disclosure of the Invention] 

An object of the present invention is to provide a fuel cell system 
capable of operating a fuel cell rationally considering an energy associated 
with start-up of the fuel cell. 

In order to achieve the above object, a first invention of the present 
invention provides a fuel cell system comprising a fuel cell; a load value 
detecting means configured to detect a load value of a load of electric power or 
heat which is generated by equipment supplied with the electric power or the 
heat from the fuel cell system; a load value storage means configured to store 
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a history of the load value detected by the load value detecting means; and 
a load value predicting means configured to predict a load value which is going 
to be generated based on the history of the load value and to store the 
predicted load value as load value data, wherein scheduled start-up time of 
the fuel cell is decided based on the load value data. Since the fuel cell 
system can decide the scheduled start-up time by predicting the power load of 
the equipment supplied with the electric power, it is possible to achieve a fuel 
cell system in which the fuel cell can be operated advantageously in terms of 
energy saving, prevention of global warming, and economy. As used herein, 
the start-up of the fuel cell is meant to include the start-up of devices required 
to start-up the fuel cell, for example, the fuel generator and the oxidizing gas 
supply means, as well as the start-up of the fuel cell. 

A second invention provides a fuel cell system, wherein the load value 
is a power value of a power load of the equipment supplied with the electric 
power from the fuel cell system, and the load value data is power value data. 

A third invention provides a fuel cell system, which may further 
comprise a calculating means configured to calculate an amount of primary 
energy consumed to supply the electric power, an amount of carbon dioxide 
generated by supplying the electric power, or a cost necessary to supply the 
electric power; wherein the calculating means calculate the amount of 
primary energy, the amount of carbon dioxide, or the cost, based on the power 
value data for a predetermined time period, for a case where the fuel cell 
supplies the electric power and for a case where the power system supplies the 
electric power, and values calculated by the calculating means are compared 
and start time of the time period is decided as the scheduled start-up time 
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when the value calculated for the case where the power system supplies the 
electric power is larger than the value calculated for the case where the fuel 
cell supplies the electric power. 

Fourth and sixteenth inventions provide a fuel cell system, wherein 
the calculating means calculates the amount of the primary energy consumed 
to supply the electric power or the electric power and the heat from the fuel 
cell, the amount of carbon dioxide generated by supplying the electric power or 
the electric power and the heat from the fuel cell, or the cost necessary to 
supply the electric power or the electric power and the heat from the fuel cell, 
considering an amount of a primary energy consumed to start-up the fuel cell, 
an amount of carbon dioxide generated at the start-up of the fuel cell, or a cost 
necessary to start-up the fuel cell. Fifth and seventeenth inventions provide 
a fuel cell system wherein the calculating means calculates the amount of the 
primary energy consumed to start-up the fuel cell, the amount of carbon 
dioxide generated at the start-up of the fuel cell, or the cost necessary to 
start-up the fuel cell, based on a temperature of the fuel cell. Since the fuel 
cell system can predict the primary energy or the like consumed from the 
start-up of the fuel cell to the start of power generation, it can make 
determination as to operation more appropriately. 

Sixth and eighteenth inventions provide a fuel cell system, which may 
further comprise a fuel generator configured to generate a fuel containing 
hydrogen from a material, wherein the calculating means calculates 
the amount of the primary energy consumed to supply the electric power or 
the electric power and the heat from the fuel cell, the amount of carbon dioxide 
generated by supplying the electric power or the electric power and the heat 
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from the fuel cell, or the cost necessary to supply the electric power or the 
electric power and the heat from the fuel cell, considering an amount of a 
primary energy consumed to start up the fuel cell, an amount of carbon 
dioxide generated at the start-up of the fuel cell, or a cost necessary to start-up 
the fuel cell. Seventh and nineteenth inventions provide a fuel cell system, 
wherein the calculating means calculates the amount of the primary energy 
consumed to start-up the fuel cell, the amount of carbon dioxide generated at 
the start-up of the fuel cell, or the cost necessary to start-up the fuel cell, 
based on a temperature of the fuel generator. Since the fuel cell system can 
predict the primary energy or the like consumed from the start-up to the start 
of the power generation of the fuel cell, including warm-up of the fuel 
generator, it can make determination as to the operation more appropriately. 

Eighth and twentieth inventions provide a fuel cell system, which may 
further comprise an input means by which the value to be calculated by the 
calculating means is selected from the primary energy, the carbon dioxide, or 
the cost. Thereby, since the operation of the fuel cell system can be switched 
according to the user's preference, it is possible to raise the user's concerns 
about energy saving, prevention of global warming and economy. 

Ninth and twenty first inventions provide a fuel cell system, which 
may further comprise a display means: wherein a difference in the amount of 
primary energy, the amount of carbon dioxide or the cost is calculated using 
the calculated values of the calculating means, for a case where the fuel cell 
supplies the electric power or the electric power and the heat and for the case 
where the power system supplies the electric power or the power system and 
an external heat supply means supplies the electric power and the heat, 
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respectively, and the display means displays the difference. Thereby, since 
the user can recognize the energy saving, the prevention of global warming or 
the economy by specific numeric values, it is possible to raise the user's 
concerns about the energy saving, the prevention of global warming and 
economy. 

A tenth invention provides a fuel cell system, which may further 
comprise a heat storage means configured to recover waste heat from the fuel 
cell and to store the heat; and a heat supply means configured to supply the 
heat stored in the heat storage means to outside, wherein the calculating 
means further calculates an amount of heat recovered by the heat storage 
means, and an amount of the primary energy consumed to supply the heat 
from an external heat supply means, an amount of carbon dioxide generated 
by supplying the heat from the external heat means, or the cost necessary to 
supply the heat from the external heat means, based on the power value data 
for the time period, thereby calculating an amount of primary energy, an 
amount of carbon dioxide or a cost for a case where the fuel cell supplies the 
electric power and the heat and for a case where the power system supplies 
the electric power and the external heat supply means supplies the heat, and 
wherein values calculated by the calculating means are compared and start 
time of the time period is decided as the scheduled start-up time when the 
value calculated for the case where the power system and the external heat 
supply means supply the electric power and the heat, respectively, are larger 
than the value calculated for the case where the fuel cell supplies the electric 
power and the heat. Thereby, in the fuel cell system configured to supply the 
electric power and heat, the operation of the fuel cell, including the start-up to 
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the stop of the fuel cell, can be carried out advantageously in terms of energy 
saving, prevention of global warming and economy. 

An eleventh invention provides a fuel cell system, wherein the 
scheduled start-up time is updated for each predetermined update time. 
Thereby, since it is determined whether or not to operate the fuel cell on a 
regular basis, the fuel cell system can make determination as to the operation 
more appropriately. 

A twelfth invention provides a fuel cell system, which may further 
comprise a display means configured to display the scheduled start-up time. 
Thereby, since the user can know the start-up and stop of the fuel cell, it is 
possible to raise the user's concerns about the energy saving, the prevention of 
global warming and economy. 

A thirteenth invention provides a fuel cell system, wherein the display 
means is configured to display a history of past operation. Thereby, since the 
user can know the start-up and stop of the fuel cell, it is possible to raise the 
user's concerns about the energy saving, the prevention of global warming and 
economy. 

A fourteenth invention provides a fuel cell system, which may further 
comprise a heat storage means configured to recover waste heat from the fuel 
cell and to store the heat; a heat supply means configured to supply the heat 
stored in the heat storage means to outside; and a stored heat amount 
detecting means configured to detect an amount of the heat stored in the heat 
storage means, wherein the load value is a calorie value of a heat load of the 
equipment supplied with the heat from the fuel cell system. Thereby, when 
the fuel cell system configured to supply the heat and electric power operates 
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the fuel cell in response to the heat load, the operation of the fuel cell, 
including the start-up to stop of the fuel cell, can be operated advantageously 
in terms of energy saving, prevention of global warming and economy. 

A fifteenth invention provides a fuel cell system, which may further 
comprise- a calculating means configured to calculate an amount of primary 
energy consumed to supply the heat and the electric power, an amount of 
carbon dioxide generated by supplying the electric power and the heat, or a 
cost necessary to supply the electric power and the heat, wherein the 
calculating means calculates the amount of primary energy, the amount of 
carbon dioxide or the cost based on the calorie value data for a predetermined 
time period for a case where the fuel cell supplies the electric power and the 
heat and for a case where the power system and the external heat supply 
means supply the electric power and the heat, respectively, and wherein 
values calculated by the calculating means are compared and start time of the 
time period is decided as the scheduled start-up time when the value 
calculated for the case where the power system and the external heat supply 
means supply the electric power and the heat, respectively, is larger than the 
value calculated for the case where the fuel cell supplies the electric power 
and the heat. 

A twenty second invention provides a fuel cell system, which may 
further comprise' a heat storage means configured to recover waste heat from 
the fuel cell and to store the heat; a heat supply means configured to supply 
the heat stored in the heat storage means to outside; a stored heat amount 
detecting means configured to detect an amount of the heat stored in the heat 
storage means; and a selecting means configured to select the load value from 
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a calorie value of a heat load of the equipment supplied with the heat from the 
fuel cell system or a power value of a power load of the equipment supplied 
with the electric power from the fuel cell system, and to thereby select power 
value data or calorie value data as the load value data. 

Thereby, heat load responsive operation or power load responsive operation 
can be selected according to use conditions of the fuel cell system. 

A twenty third invention provides a fuel cell system, wherein the load 
value storage means stores the load value such that the load value in a case 
where a user is at home and the load value in a case where the user is away 
from home are distinguished from each other, and wherein the selecting 
means selects determination of the scheduled start-up time of the fuel cell 
from determination based on the power value data in the case where the user 
is at home, determination based on the power value data in the case where the 
user is away from home, determination based on the calorie value data in the 
case where the user is at home, and determination based on the calorie value 
data in the case where the user is away from home. This makes it possible to 
predict the power value and the calorie value more appropriately. 

A twenty fourth invention provides a fuel cell system, which may 
further comprise* an operation time setting means capable of, as desired, 
setting the scheduled start-up time of the fuel cell. Since the start-up of the 
fuel cell can be set considering the planned activity of the user, the fuel cell 
system can be operated more appropriately. 

The above and further objects and features of the invention will be 
more fully be apparent from the following detailed description with 
accompanying drawings. 
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[Brief Description of the Drawings] 

Fig. 1 is a view of a construction of a fuel cell system according to a 
first embodiment of the present invention; 

Fig. 2 is a flowchart showing a former half of a flow of a control of a 
fuel cell system according to the first embodiment of the present invention; 

Fig. 3 is a flowchart showing a latter half of the flow of the control of 
the fuel cell system according to the first embodiment of the present 
invention; 

Fig. 4 is a flowchart showing a latter half of a flow of a control of a fuel 
cell system according to a second embodiment of the present invention; 

Fig. 5 is a flowchart showing a latter half of a flow of a control of a fuel 
cell system according to a third embodiment of the present invention; 

Fig. 6 is a view of a construction of a fuel cell system according to a 
fourth embodiment of the present invention; 

Fig. 7 is a flowchart showing a latter half of a flow of a control of the 
fuel cell system according to the fourth embodiment of the present invention; 

Fig. 8 is a flowchart showing a latter half of a flow of a control of a fuel 
cell system according to a fifth embodiment of the present invention; 

Fig. 9 is a flowchart showing a latter half of a flow of a control of a fuel 
cell system according to a sixth embodiment of the present invention; 

Fig. 10 is a view of a construction of a fuel cell system according to a 
seventh embodiment of the present invention; 

Fig. 11 is a flowchart showing a former half of a flow of a control of a 
fuel cell system according to the seventh embodiment of the present invention; 

Fig. 12 is a flowchart showing a latter half of the flow of the control of 
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the fuel cell system according to the seventh embodiment of the present 
invention; 

Fig. 13 is a flowchart showing a latter half of a flow of a control of a 
fuel cell system according to an eighth embodiment of the present invention,' 

Fig. 14 is a flowchart showing a latter half of a flow of a control of a 
fuel cell system according to a ninth embodiment of the present invention; 

Fig. 15 is a view of a construction of a fuel cell system according to a 
tenth embodiment of the present invention; 

Fig. 16 is a flowchart showing a former half of a flow of a control of a 
fuel cell system according to the tenth embodiment of the present invention; 
and 

Fig. 17 is a view of a construction of the conventional fuel cell system. 
[Best Mode for Carrying Out the Invention] 

Hereinafter, embodiments of the present invention will be described 
with reference to the drawings. 
(Embodiment l) 

Fig. 1 is a view of a construction of a fuel cell system according to a 
first embodiment of the present invention. The fuel cell system of this 
embodiment comprises a fuel generator 11 configured to generate a fuel gas 
containing hydrogen from a material such as a natural gas, an oxidizing gas 
supply means 12 configured to supply an oxidizing gas, a fuel cell 13 
configured to generate electric power and heat through an electrochemical 
reaction using the fuel gas supplied from the fuel generator 11 and the 
oxidizing gas such as air supplied from the oxidizing gas supply means 12, a 
power supply means 15 configured to supply the electric power generated in 



12 



the fuel cell 13 to a power load 14 such as an air conditioning equipment or a 
refrigerator, a power value detecting means 16 configured to detect an electric 
power consumed in the power load 14, and a controller 23 configured to 
control an operation of the fuel cell system. 

The power supply means 15 includes an inverter, a switch, etc. 

The controller 23 includes a power value storage means 17 configured 
to store a value detected by the power value detecting means 16, a power 
value predicting means 18 configured to predict a power value Wt (power 
value Wt after t minutes) of an electric power consumed in the power load 14 
from a history of stored power values, and to store power value data including 
the power value Wt, an operation control means 19, and a display means 42. 
Herein, the start-up of the fuel cell 13 is meant to include start-up of various 
components necessary for the start-up of the fuel cell 13, for example, the fuel 
generator 11 and the oxidizing gas supply means 12, as well as the start-up of 
the fuel cell 13. 

The operation control means 19 determines scheduled start-up time Tl, 
scheduled power generation start time T2, and scheduled stop time T3 of the 
fuel cell 13 based on the power value data stored in the power value predicting 
means 18, and causes the fuel cell 13 to perform start-up, and start and stop 
of power generation based on these times Tl, T2, and T3. 

The controller 23 includes calculating means 20, 21, and 22 configured 
to perform calculation based on the power value data and to output 
calculation values to the operation control means 19. The first calculating 
means 20 calculates the amount of primary energy consumed when the fuel 
cell 13 generates and supplies an electric power corresponding to a power 
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value of power value data for a predetermined time period. The second 
calculating means 21 calculates the amount of primary energy consumed 
when the power system supplies the electric power corresponding to the power 
value of the power value data for the predetermined time period. The third 
calculating means 22 calculates the amount of primary energy consumed 
when the fuel cell system including the fuel cell 13, the fuel generator 11, etc, 
starts-up. 

The operation control means 19 is equipped with a timer (not shown), 
which allows the operation control means 19 to update the scheduled start-up 
time Tl, the scheduled power generation start time T2, and the scheduled stop 
time T3 at each predetermined updated time. Thereby, it is determined 
whether or not the operation is appropriate on a regular basis. As a result, 
the fuel cell system can be operated more appropriately. 

The display means 42 displays the scheduled start-up time Tl, the 
scheduled power generation start time T2, and the scheduled stop time T3 
which are set in the operation control means 19. In addition, the display 
means 42 displays a history of power values resulting from generation in the 
fuel cell system between the scheduled power generation start time T2, and 
the scheduled stop time T3 in the past, from the history of the power values 
stored in the power value storage means 17. The operation control means 19 
calculates difference between values to be compared in step S14A, S14B or 
S14C to be described later, and the display means 42 displays the difference 
values. This makes it possible to raise up users' concern about energy 
resources, environmental burden or economy. 

The controller 23 contains, for example, a microcomputer. A CPU 
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executes predetermined programs (hereinafter referred to as time 
determination programs) stored in an internal memory of the microcomputer 
to cause the means 17 through 22 included in the controller 23 to be 
implemented. The required data in the execution of the time determination 
programs are stored in, for example, the internal memory of the 
microcomputer. 

An operation performed before and at the start-up of the fuel cell 13 in 
the embodiment constructed above will be described. Figs. 2 and 3 are 
flowcharts showing a flow of a control in the fuel cell system, i.e., a content of 
the time determination program. 

As shown in Fig. 2, in step Si, the power value detecting means 16 
continuously detects a power value and the power value storage means 17 
stores the detected power value. Herein, the power value detecting means 16 
detects the power value in each one second. 

In step S2, the power value predicting means 18 predicts a power 
value Wt per minute that is assumed to be consumed in the power load 14 for 
24 hours from now, based on the history of the power values stored in the 
power value storage means 17 and stores the power value Wt as power value 
data. 

Subsequently, the operation control means 19 selects a time period in 
which power values higher than a predetermined value, for example, a 
minimum power generation amount Wmin of the fuel cell 13 distribute in large 
part, based on the power value data stored in the power value predicting 
means 18. 

Herein, in step S3, the operation control means 19 assigns current 
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time To to time T. 

In step S4, the operation control means 19 determines whether or not 
Yi % or higher of power values Wt (30 values of Wt to Wt + 30) (for example, 
80% or more, 24 or more) for predetermined time Xl (for example, 30 minutes) 
after T are not less than the minimum power generation amount Wmin of the 
fuel cell system. When Yes, the operation control 19 assumes T as the 
scheduled start-up time Tl in step S5. When No, the operation control 
means 19 assumes time one minute after T as T (T = T + 1 min), and returns 
the process to step S4. 

In step S7 - 1, the operation control means 19 adds start-up time Ts 
(for example 60 minutes) to the T and assumes it as scheduled power 
generation start time T2. 

In step S7 - 2, the operation control means 19 assigns the scheduled 
power generation start time T2 to the T. 

In step S7 - 3, the operation control means 19 determines whether or 
not Yi % or higher of power values Wt (30 values of Wt to Wt + 3o) (for example, 
80% or more, 24 or more) for the predetermined time Xl (for example, 30 
minutes) after the T are not less than the minimum power generation amount 
Wmin of the fuel cell system. When Yes, the operation control means 19 
advances the process to step S8. When No, the operation control means 19 
assumes time (start-up time Ts - one minute) before the T as the T and 
returns the process to step S4. 

In step S8, the operation control means 19 determines whether or not 
Y2 % or higher of power values Wt (60 values of Wt to Wt + 6o) (for example, 
80% or more, 48 or more) for predetermined time X2 (for example, 60 minutes) 
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after T are less than the minimum power generation amount Wmin of the fuel 
cell system. When Yes, the operation control means 19 assumes the T as the 
scheduled stop time T3 in step S9. When No, the operation control means 19 
assumes time one minute after the T as the T in step S10, and returns the 
process to step S8. 

After assuming the scheduled start-up time Ti, the scheduled power 
generation start time T2, and the scheduled stop time T3 of the fuel cell 13 in 
the manner described above, the operation control means 19 advances the 
process to step after I in Fig. 3 which follows I in Fig. 2, and determines the 
scheduled start-up time Ti, the scheduled power generation start time T2, and 
the scheduled stop time T3 of the fuel cell 13, considering the amount of 
primary energy consumed. 

In step SUA, the first calculating means 20 calculates a feed gas 
amount QGFCEt required for power generation of the power value Wtper 
minute of the power value data for a time period from the scheduled power 
generation time T2 to the scheduled stop time T3 in a case where the fuel cell 
13 generates and supplies electric power, based on power generation efficiency 
Ewe of the fuel cell system including the fuel cell 13, the fuel generator 11, etc, 
according to a formula (l). And, the first calculating means 20 calculates 
primary energy amount AFCEt of primary energy consumed in a case where the 
fuel cell system generates and supplies electric power for the time period from 
the scheduled power generation start-up time T2 to the scheduled stop time T3 
based on primary energy amount Agfcb per unit feed gas according to a 
formula (2A), and integrates values of AFCEt from T2 to T3 to obtain power 
generation primary energy amount Afce. 
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QGFCEt = Wt / Ewe (1) 

AFCEt = QGFCEt ■ AGFCB (2A) 

In step S12A, the third calculating means 22 calculates the amount of 
primary energy consumed at the start-up of the fuel cell system to obtain a 
fuel cell start-up primary energy amount Afcs. The operation control means 
19 adds the fuel cell power generation primary energy amount Afce output 
from the first calculating means 20 to the fuel cell start-up primary energy 
amount Afcs output from the third calculating means 22 to obtain first fuel 
cell primary energy amount Afci. 

In step S13A, the second calculating means 21 calculates primary 
energy amount AEt of primary energy consumed in a case where the power 
system supplies electric power corresponding to power value Wt per minute of 
the power value data for the time period from the scheduled power generation 
start-up time T2 to the scheduled stop time T3 based on the primary energy 
amount Aeb per unit power of the power system according to a formula (3A), 
and integrates AEt from T2 to T3 to obtain a power system primary energy 
amount Ae. 

AEt - Wt • Aeb (3A) 

In step S14A, the operation control means 19 compares the first fuel 
cell primary energy amount Afci to the power system primary energy amount 
Ae. When the first fuel cell primary energy amount Afci is not more than 
the power system primary energy amount Ae, the operation control means 19 
advances the process to step S15A, in which the operation control means 19 
decides the scheduled start-up time Ti, the scheduled power generation 
start time T2 and the scheduled stop time T3. In step S17A, the operation 
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control means 19 starts-up the fuel cell system at the scheduled start-up time 
Ti. On the other hand, when the first fuel cell primary energy amount Afci 
is more than the power system primary energy amount Ae, the operation 
control means 19 advances the process to step S16A, in which the operation 
control means 19 cancels assumption of the scheduled start-up time Ti, the 
scheduled power generation start time T2 and the scheduled stop time T3, i.e., 
prohibits the start-up of the fuel cell 13 at the scheduled start-up time Ti. In 
step S18A, the operation control means 19 assigns the scheduled stop time T3 
to the time T. The operation control means 19 returns the process to step S4 
from II in Fig. 2 which follows II in Fig. 3, and repeats the following steps. 

As described above, the primary energy amount of the primary energy 
consumed in the fuel cell system including the primary energy amount of the 
primary energy consumed during the start-up of the fuel cell is compared to 
the primary energy amount of the primary energy consumed in the power 
system to determine whether the fuel cell system should operate or stop. 
Thereby, in an operation state in which the fuel cell system frequently repeats 
start-up and stop, the fuel cell system can be operated while inhibiting 
wasteful energy consumption. 
(Embodiment 2) 

Fig. 4 is a flowchart showing a latter half of a flow of a control of a fuel 
cell system according to a second embodiment of the present invention. In a 
second embodiment, the operation control means 19 of the fuel cell system of 
the first embodiment compares amounts of carbon dioxide (hereinafter 
referred to as C02>and decides the scheduled start-up time Ti, the scheduled 
power generation start time T2, and the scheduled stop time T3. Specifically, 
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the first calculating means 20 calculates the amount of CO2 generated when 
the fuel cell 13 generates and supplies electric power corresponding to a power 
value of power value data for a predetermined time period. The second 
calculating means 21 calculates the amount of CO2 generated when the power 
system generates and supplies the electric power corresponding to the power 
value of the power value data for the predetermined time period. The third 
calculating means 22 calculates the amount of CO2 generated when the fuel 
cell system, including the fuel cell 13, the fuel generator 11, etc, starts-up. 

Since a construction of the fuel cell system according to the second 
embodiment and a flowchart showing a former half of the flow of the control of 
the fuel cell system are identical to those of Figs. 1 and 2 of the first 
embodiment, they will not be further described. 

Hereinafter, the latter half of the flow of the control of the fuel cell 
system will be described. 

As shown in Fig. 4, in step SUB, the first calculating means 20 
calculates a feed gas amount QGFCEt required for power generation of the 
power value Wt per minute of the power value data for the time period from 
the scheduled power generation start time T2 to the scheduled stop time T3 
based on the power generation efficiency Ewe of the fuel cell system according 
to the formula (l). In addition, the first calculating means 20 calculates the 
amount BFCEt of CO2 generated when the fuel cell system generates and 
supplies the electric power for the time period from the scheduled power 
generation start time T2 to the scheduled stop time T3 based on the amount 
Bgfcb of CO2 per unit feed gas according to a formula (2B), and integrates 
BFCEt from T2 to T3 to obtain fuel cell power generation CO2 amount Bfce. 
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BFCEt = QGFCEt * BGFCB (2B) 

In step S12B, the third calculating means 22 calculates the amount of 
CO2 generated when the fuel cell system starts-up to obtain fuel cell start-up 
CO2 generation amount Bfcs. Then, the operation control means 19 adds the 
fuel cell power generation CO2 generation amount Bfce output from the first 
calculating means 20 to the fuel cell start-up CO2 generation amount BFCS 
output from the third calculating means 22 to obtain first fuel cell CO2 
generation amount Bfci. 

In step S13B, the second calculating means 21 calculates the amount 
BEt of CO2 generated when the power system supplies the electric power 
corresponding to the power value Wt per minute of the power value data for 
the time period from the scheduled power generation start time T2 to the 
scheduled stop time T3 based on the CO2 generation amount Beb per unit 
power of the power system according to a formula (3B), and integrates BEt 
from T2 to T3 to obtain power system CO2 generation amount Be. 

BEt = Wt • Beb (3B) 

In step S14B, the operation control means 19 compares the first fuel 
cell CO2 generation amount Bfci to the power system CO2 generation amount 
Be. When the first fuel cell CO2 generation amount Bfci is not more than the 
power system CO2 generation amount Be, the operation control means 19 
advances the process to step S15B, in which the operation control means 19 
decides the scheduled start-up time Ti, the scheduled power generation start 
time T2, and the scheduled stop time T3. In step S17B, the operation control 
means 19 starts-up the fuel cell system at the scheduled start-up time Ti. 
On the other hand, when the first fuel cell CO2 generation amount Bfci is 
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more than the power system CO2 generation amount BE, the operation control 
means 19 advances the process to step S16B, in which the operation control 
means 19 cancels assumption of the scheduled start-up time Ti, the scheduled 
power generation start time T2, and the scheduled stop time T3, i.e., prohibits 
the start-up of the fuel cell at the scheduled start-up time Ti. In step S18B, 
the operation control means 19 assigns the scheduled stop time T3 to the time 
T and returns the process to step S4 from II in Fig. 2 which follows II in Fig. 3, 
to repeat the following steps. 

As described above, the amount of CO2 generated in the fuel cell 
system including the amount of CO2 generated during the start-up of the fuel 
cell 13 is compared to the amount of CO2 generated in the power system to 
determine whether the fuel cell system should operate or stop. Thereby, in 
the operation state in which the fuel cell system frequently repeats the 
start-up and the stop, the fuel cell system can be operated while inhibiting 
generation of CO2 and hence preventing global warming. 
(Embodiment 3) 

Fig. 5 is a flowchart showing a latter half of a flow of a control of a fuel 
cell system according to a third embodiment of the present invention. In the 
third embodiment, the operation control means 19 in the fuel cell system of 
the first embodiment compares costs to decide the scheduled start-up time Ti, 
the scheduled power generation start time T2, and the scheduled stop time T3. 
Specifically, the first calculating means 20 calculates a cost necessary when 
the fuel cell 13 generates and supplies electric power corresponding to a power 
value of power value data for a predetermined time period. The second 
calculating means 21 calculates a cost necessary when the power system 
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supplies electric power corresponding to the power value of the power value 
data for the predetermined time period. The third calculating means 22 
calculates a cost necessary to start-up the fuel cell system including the fuel 
cell 13, the fuel generator 11, etc. 

Since a construction of the fuel cell system according to the third 
embodiment and a flowchart showing a former half of the flow of the control of 
the fuel cell system are identical to those of Figs. 1 and 2 of the first 
embodiment, they will not be further described. 

Hereinbelow, the latter half of the control of the fuel cell system will be 
described. 

As shown in Fig. 5, in step S11C, the first calculating means 20 
calculates feed gas amount QGFCEt required for power generation of the power 
value Wt per minute of power value data for the time period from the 
scheduled power generation start time T2 to the scheduled stop time T3 when 
the fuel cell 13 generates and supplies the electric power based on the power 
generation efficiency Ewe of the fuel cell system according to the formula (l). 
In addition, the first calculating means 20 calculates a cost CFCEt necessary 
when the fuel cell system generates and supplies electric power for the time 
period from the scheduled power generation start time T2 to the scheduled 
stop time T3 based on metered fare Cgfcb of the feed gas according to a 
formula (2C), and integrates CFCEt from the T2 to T3 to obtain fuel cell power 
generation cost Cfce. 

CFCEt = QGFCEt • Cgfcb (2C) 

In step S12C, the third calculating means 22 calculates a cost 
necessary to start-up the fuel cell system to obtain fuel cell start-up cost Cfcs. 
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In addition, the operation control means 19 adds the fuel cell power 
generation cost CFCE output from the first calculating means 20 to the fuel cell 
start-up cost Cfcs to obtain first fuel cell cost Cfci. 

In step S13C, the second calculating means 21 calculates cost CEt 
necessary when the power system supplies the electric power corresponding to 
the power value Wt per minute of power value data for a time period from the 
scheduled power generation start time T2 to the scheduled stop time T3 
based on metered fare Ceb of the power system according to a formula (3C) 
and integrates CEt from T2 to T3 to obtain power system cost Ce. 

CEt = Wt • Ceb (3C) 

In step S14C, the operation control means 19 compares the first fuel 
cell cost Cfci to the power system cost Ce. When the first fuel cell cost Cfci 
is not more than the power system cost Ce, the operation control means 19 
advances the process to step S15C, in which the operation control means 19 
decides the scheduled start-up time Ti, the scheduled power generation start 
time T2, and the scheduled stop time T3. In step S17C, the operation control 
means 19 starts-up the fuel cell system at the scheduled start-up time Ti. 
On the other hand, when the first fuel cell cost Cfci is more than the power 
system cost Ce, the operation control means 19 advances the process to step 
S16C, in which the operation control means 19 cancels assumption of the 
scheduled start-up time Ti, the scheduled power generation start time T2, and 
the scheduled stop time T3, i.e., prohibits the start-up of the fuel cell 13 at the 
scheduled start-up time Ti. In step S18C, the operation control means 19 
assigns the scheduled stop time T3 to the time T. The operation control 
means 19 returns the process to step S4 from II in Fig. 2 which follows II in 
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Fig. 3 and repeats the following steps. 

In the manner described above, the cost of the fuel cell system 
considering the cost at the start-up of the fuel cell is compared to the power 
system cost to determine whether the fuel cell system should operate or stop. 
Thereby, in an operation state in which the fuel cell system frequently repeats 
start-up and stop, the fuel cell system can be operated economically. 

The controller 23 may include an input means (not shown) such as a 
switch, a key board, a mouse or the like, the first to third calculating meanss 
20 to 22, the operation control means 19, and the display means 42 of the first 
to third embodiments, and may be configured to select any of the first to third 
embodiments by the input means. In this manner, it is possible to switch 
the operation of the fuel cell system according to the user's preference. 
(Embodiment 4) 

Fig. 6 is a view showing a construction of a fuel cell system according 
to a fourth embodiment of the present invention. In Fig. 6, the same 
reference numerals as those of the first embodiment denote the same 
components, which will not be described. 

The fuel cell system of this embodiment comprises, in addition to the 
construction of the fuel cell system in Fig. 1, a cooling water passage 24 
through which cooling water for keeping the fuel cell 13 at a predetermined 
temperature flows, a cooling water pump 25 configured to cause the cooling 
water to flow through the cooling water passage 24, a heat storage means 27, 
a heat exchanger 26 configured to allow the cooling water to transfer heat 
recovered from the fuel cell 13 to stored hot water, a stored hot water passage 
28 configured to allow the stored hot water to recover heat from the fuel cell 
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13 and to store it in the heat storage means 27 as the hot water, a stored hot 
water pump 29 configured to allow the stored hot water to flow through the 
stored hot water passage 28, and a heat supply means 31 configured to supply 
heat from the heat storage means 27 to the heat load 30 for hot water supply 
or air conditioning. 

The controller 23 further includes a fourth calculating means 36 
configured to perform calculation based on power value data and to give 
calculated data to the operation control means 19. 

The fourth calculating means 36 calculates the amount of primary 
energy consumed when a heat supply system 35 supplies heating calories 
corresponding to heating calories of the heat recovered in the fuel cell system 
according to the power value of power value data for the predetermined period. 
As used herein, the heat supply system 35 includes an external heat supply 
means such as a steam line or a gas heater. 

An operation performed before and at the start-up of the fuel cell 13 
in the fourth embodiment constructed as described above will be described. 
Fig. 7 is a flowchart showing a latter half of a flow of a control of the fuel cell 
system. Since the operation before step S111A of the operation of the fuel cell 
system in the fourth embodiment is identical to the flowchart of the flow of the 
control of the fuel cell system in the steps including the step S10 in Fig. 2 of 
the first embodiment, it will not be described. 

Hereinbelow, the latter half of the flow of the control of the fuel cell 
system will be described. 

After assuming the scheduled start-up time Ti, the scheduled power 
generation start time T2, and the scheduled stop time T3 of the fuel cell 13 in 
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the steps including the step S10 in Fig. 2, the operation control means 19 
advances the step after I in Fig. 7 which follows I in Fig. 2, and decides the 
scheduled start-up time Ti, the scheduled power generation start time T2, and 
the scheduled stop time T3 considering the amount of the primary energy 
consumed. 

The steps S111A to S113A are identical to the steps SUA to S13A in 
Fig. 3 of the first embodiment, and therefore, will not be described. 

In step S114A, the fourth calculating means 36 calculates recovered 
heating calories HFCt of the heat recovered in association with power 
generation when the fuel cell system generates and supplies electric power 
corresponding to power value Wtp>er minute of power value data for the time 
period from the scheduled power generation start time T2 to the scheduled 
stop time T3 based on heat recovery efficiency Ewh according to a formula (4). 

HFCt = Wt / Ewe • Ewh (4) 

In step S115A, the fourth calculating means 36 calculates heat supply 
system heating calories QGHt required when the heat supply system 35 
supplies the heat corresponding to the recovered heating calories HFCt , 
based on heat supply system heat efficiency Eh according to a formula (5), 
Herein, the heat supply system heating calories QGHt are calculated as city 
gas amount and steam amount when supplied as a city gas and as steam, 
respectively. In addition, the fourth calculating means 36 calculates primary 
energy amount Am of primary energy consumed when the heat supply system 
35 supplies HFCt based on primary energy amount Aghb per unit heating 
calorie of the heat supply system 35 according to a formula (6A), and 
integrates AHt from T2 to T3 to obtain heat supply system primary energy 
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amount Ah. 

QGHt = HFCt / Eh (5) 
AHt = QGHt • Aghb (6A) 

In step S116A, the operation control means 19 compares a sum of the 
power system primary energy amount Ae and the heat supply system primary 
energy amount Ah to the first fuel cell primary energy amount Afci. When 
Afci is not more than Ae + Ah, the operation control means 19 advances the 
process to step S117A, in which the operation control means 19 decides the 
scheduled start up time Ti, the scheduled power generation start-up time T2, 
and the stop scheduled stop time T3. In step S119A, the operation control 
means 19 starts-up the fuel cell system at the scheduled start-up time Ti. 
On the other hand, when Afci is more than Ae + Ah, the operation control 
means 19 advances the process to step S120A, in which the operation control 
means 19 cancels assumption the scheduled start-up time Ti, the scheduled 
power generation start time T2, and the scheduled stop time T3, i.e., prohibits 
the start-up of the fuel cell 13 at the scheduled start-up time Ti. In step 
S120A, the operation control means 19 assigns the scheduled stop time T3 to 
the time T, and returns the process to step S4 from II in Fig. 2 which follows II 
in Fig. 7 to repeat the following steps. 

In accordance with the construction and operation of the fuel cell 
system of this embodiment, when the heat generated in association with the 
power generation in the fuel cell system is recovered and consumed, it is 
possible to reflect reduction of the amount of primary energy of the heat 
supply system which may be caused by supplying the recovered heat, in 
addition to the effect described in the first embodiment, and thus the fuel cell 
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system can be operated while inhibiting wasteful energy consumption. 
(Embodiment 5) 

Fig. 8 is a flowchart showing a latter half of a flow of a control of a fuel 
cell system according to a fifth embodiment of the present invention. In the 
fifth embodiment, the operation control means 19 of the fuel cell system of the 
fourth embodiment is configured to compare the amount of generated CO2 and 
to decide the scheduled start-up time Ti, the scheduled power generation start 
time T2, and the scheduled stop time T3. Specifically, the first calculating 
means 20 calculates the amount of CO2 generated when the fuel cell 13 
generates electric power corresponding to power value of power value data for 
a predetermined time period. The second calculating means 21 calculates 
the amount of CO2 generated when the power system supplies the electric 
power corresponding to the power value of the power value data for the 
predetermined time period. The third calculating means 22 calculates the 
amount of CO2 generated when the fuel system including the fuel cell 13 and 
the fuel generator 11, etc, starts-up. The fourth calculating means 36 
calculates the amount of CO2 generated when the heat supply system 35 
supplies the heat of heating calories corresponding to the heating calories of 
the heat recovered in the fuel cell system according to the power value of the 
power value data for the predetermined time period. 

Since the construction of the fuel cell system and a flowchart showing 
a former half of the flow of the control of the fuel cell system is identical to 
that of Fig. 6 of the fourth embodiment and that of Fig. 2 of the first 
embodiment, it will not be described. 

Hereinbelow, the latter half of the flow of the control of the fuel cell 
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system will be described. 

After assuming the scheduled start up time Ti, the scheduled power 
generation start time T2, and the scheduled stop time T3 of the fuel cell 13 in 
the steps including the step S10 in Fig. 2, the operation control means 19 
advances the process to steps after I in Fig. 8 which follows I in Fig. 2, and 
decides the scheduled start-up time Ti, the scheduled power generation start 
time T2, and the scheduled stop time T3 considering the amount of CO2 
generated. 

The steps S111B to S113B are identical to the steps SUB to S13B in 
Fig. 4 of the second embodiment, and will not be described. 

The step S114B is identical to the step S114A in Fig. 7 of the fourth 
embodiment, and therefore will not be described. 

In step S115B the fourth calculating means 36 calculates heat supply 
system heating calories QGHt necessary when the heat supply system 35 
supplies the heat of the recovered heating calories HFCt based on the heat 
supply system heat efficiency Eh according to a formula (5). In addition, the 
fourth calculating means 36 calculates the CO2 generation amount BHt when 
the heat supply system 35 supplies the heat of HFCt based on the CO2 
generation amount Bghb per unit heating calorie of the heat supply system 35 
according to a formula (6B), and integrates BHt from T2 to T3 to obtain heat 
supply system CO2 generation amount Bh. 

BHt = QGHt • Bghb (6B) 

In step S116B, the operation control means 19 compares a sum of the 
power system CO2 generation amount Be and the heat supply system CO2 
generation amount Bh to the first fuel cell CO2 generation amount BFCi. 
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When Bfci is not more than Be + Bh, the operation control means 19 
advances the process to Step S117B, in which the operation control means 19 
decides the scheduled start-up time Ti, the scheduled power generation start 
time T2, and the scheduled stop time T3 of the fuel cell 13. In step S119B, the 
operation control means 19 starts-up the fuel cell system at the scheduled 
start-up time Ti. On the other hand, when Bfci is more than Be + Bh, the 
operation control means 19 advances the process to step S120B, in which the 
operation control means 19 cancels assumption of the scheduled start up time 
Ti, the scheduled power generation start time T2, and the scheduled stop time 
T3, i.e., prohibits the start-up of the fuel cell 13 at the scheduled start-up time 
Ti. In step S120B, the operation control means 19 assigns the scheduled stop 
time T3 to the time T, and returns the process to Step S4 from II in Fig. 2 
which follows II in Fig. 8 to repeat the following steps. 

In accordance with the construction and operation of the fuel cell 
system of this embodiment, when the heat generated in association with the 
power generation in the fuel cell system is recovered and consumed, it is 
possible to reflect reduction of the amount of CO2 generated in association 
with the power generation in the fuel cell system, which may be caused by 
supplying the recovered heat, in addition to the effect described in the second 
embodiment, and hence the fuel cell system can be operated while 
contributing prevention of global warming. 
(Embodiment 6) 

Fig. 9 is a flowchart showing a latter half of a flow of a control of a fuel 
cell system according to a sixth embodiment of the present invention. In the 
sixth embodiment, the operation control means 19 of the fuel cell system of 
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the fourth embodiment is configured to compare costs and to decide the 
scheduled start-up time Ti, the scheduled power generation start time T2, and 
the scheduled stop time T3. Specifically, the first calculating means 20 
calculates a cost necessary when the fuel cell 13 generates electric power 
corresponding to power value of power value data for a predetermined time 
period. The second calculating means 21 calculates a cost necessary when 
the power system supplies the electric power corresponding to the power value 
of the power value data for the predetermined time period. The third 
calculating means 22 calculates a cost necessary when the fuel cell system 
including the fuel cell 13, the fuel generator 11, etc, starts-up. The fourth 
calculating means 36 calculates a cost necessary when the heat supply system 
35 supplies the heat of the heating calories corresponding to heating calories 
of the heat recovered in the fuel cell system according to the power value of 
the power value data for the predetermined time period. 

Since a construction of the fuel cell system according to the sixth 
embodiment and a flowchart showing a former half of the flow of the control of 
the fuel cell system are identical to those of Fig. 6 of the fourth embodiment 
and Fig. 2 of the first embodiment, they will not be further described. 

Hereinbelow, the latter half part of the control of the fuel cell system 
will be described. 

After assuming the scheduled start-up time Ti, the scheduled power 
generation start time T2, and the scheduled stop time T3 of the fuel cell 13 in 
the steps including the step S10 in Fig. 2, the operation control means 19 
advances the process to steps after I in Fig. 9 which follows I in Fig. 2, and 
decides the scheduled start-up time Ti, the scheduled power generation start 
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time T2, and the scheduled stop time T3, considering the cost. 

The steps S111C to S113C are identical to the steps SllC to S13C in 
Fig. 5 of the third embodiment, and therefore will not be described. 

The step S114C is identical to the step S114A in Fig. 7 of the fourth 
embodiment, and will not be described. 

In step S115C, the fourth calculating means 36 calculates heat supply 
system heating calories QGHt necessary when the heat supply system 35 
supplies the heat of recovered heating calories HFCt based on the heat supply 
system heat efficiency Eh according to the formula (5). In addition, the 
fourth calculating means 36 calculates cost CHt necessary when the heat 
supply system 35 supplies the heat of HFCt based on metered fare Cghb of the 
heat supply system 35 according to a formula (6C), and integrates CHt from T2 
to T3 to obtain heat supply system cost Ch. 

Cm = QGHt • Cghb (6C) 

In step S116C, the operation control means 19 compares a sum of the 
power system cost Ce and the heat supply system cost Ch to the first fuel cell 
cost Cfci. When Cfci is not more than Ce + Ch, the operation control means 
19 advances the process to step S117C, in which the operation control means 
19 decides the scheduled start-up time Ti, the scheduled power generation 
start time T2, and the scheduled stop time T3 of the fuel cell 13. In step 
S119C, the operation control means 19 starts-up the fuel cell system at the 
scheduled start-up time Ti. On the other hand, when Cfci is more than Ce + 
Ch, the operation control means 19 advances the process to step S120C, in 
which the operation control means 19 cancels assumption of the scheduled 
start-up time Ti, the scheduled power generation start time T2, and the 
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scheduled stop time T3, i.e., prohibits the start-up the fuel cell 13 at the 
scheduled start-up time Ti. In step S120C, the operation control means 19 
assigns the scheduled stop time T3 to the time T, and returns the process to 
step S4 from II in Fig. 2 which follows II in Fig. 9 to repeat the following steps. 

In accordance with the construction and operation of the fuel cell 
system of this embodiment, when the heat generated in association with the 
power generation in the fuel cell system is recovered and consumed, it is 
possible to reflect reduction of the cost of the heat supply system, which may 
be caused by supplying the recovered heat, in addition to the effect described 
in the third embodiment, and thus the fuel cell system can be operated 
economically. 
(Embodiment 7) 

Fig. 10 is a view of a construction of a fuel cell system according to a 
seventh embodiment of the present invention. In Fig. 10, the same reference 
numerals as those of the fourth embodiments denote the same or 
corresponding parts, which will not be described. 

The fuel cell system of this embodiment comprises a calorie value 
detecting means 32 configured to detect heating calories of heat consumed in 
the heat load 30, instead of the power value detecting means 16 of the fuel cell 
system in Fig. 6, and further comprises a stored heat amount detecting means 
39 configured to detect heating calories stored in the heat storage means 27. 

The controller 23 includes, instead of the power value storage means 
17 and the power value predicting means 18, a heating calorie value storage 
means 33 configured to store a value detected by the calorie value detecting 
means 32, and a calorie value predicting means 34 configured to predict a 
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calorie value Ht (calorie value Ht after t minutes) of heating calories of the 
heat consumed in the heat load 30 from a history of calorie values stored and 
to store calorie value data including the calorie values Ht. The controller 23 
further includes first to fifth calculating means 20, 21, 22, 36, and 40 
configured to perform calculation based on the calorie value data and to give 
calculation data to the operation control means 19. 

The first calculating means 20 calculates the amount of primary 
energy consumed when the fuel cell 13 supplies the heat of heating calories 
corresponding to calorie value of calorie value data for a predetermined time 
period to the heat storage means 27. The second calculating means 21 
calculates an amount of electric power supplied to the power load 14 when the 
fuel cell 13 supplies the heat of the heating calories corresponding to the 
calorie value of the calorie value data for the predetermined time period, and 
the amount of primary energy consumed when the power system supplies the 
amount of electric power. The third calculating means 22 calculates the 
amount of primary energy consumed when the fuel cell system including the 
fuel cell 13, the fuel generator 11, etc starts-up. The fourth calculating 
means 36 calculates the amount of primary energy consumed when the heat 
supply system 35 supplies the heat of the heating calories corresponding to 
the calorie value of the calorie value data for the predetermined time period. 
The fifth calculating means 40 is configured to calculate a predicted value of 
heat storage balance of the heat storage means 27 based on the heating 
calories stored in the heat storage means 27 which is obtained based on the 
detected value of the stored heat amount detecting means 39, the calorie 
value data, etc. 
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An operation performed before and at the start-up of the fuel cell in 
the embodiment so constructed will be described. Figs. 11 and 12 are 
flowcharts showing a flow of a control of the fuel cell system. Referring to 
Fig. 11, in step S202, the calorie value detecting means 32 continuously 
detects a calorie value, and the calorie value storage means 33 stores the 
detected calorie value. Herein, the calorie value detecting means 32 detects 
the calorie value in each second. 

In step S204, the calorie value predicting means 34 predicts a calorie 
value Ht per minute of heat which may be consumed in the heat load 30 for 24 
hours from now based on the history of the calorie values stored in the calorie 
value storage means 33, and to store it as the calorie value data. 

Subsequently, the operation control means 19 assumes time when the 
amount of heat stored in the heat storage means 27 may become less as the 
scheduled start-up time Ti based on the calorie value data stored in the 
calorie value predicting means 34. 

Herein, in step S205, the operation control means 19 assigns current 
time To to the time T. 

In step S206, the fifth calculating means calculates stored heat 
amount Gsto at the current time To based on the value detected by the stored 
heat amount detecting means 39. And, the operation control means 19 
assigns the stored heat amount Gsto to the stored heat amount Gst at time T. 

In step S207, the operation control means 19 determines whether or 
not an integrated value Ht of the calorie values Ht from the current time To to 
the time T is not less than Y% (for example, 80% or more) of the stored heat 
amount Gst. When Yes, the operation control means 19 advances the process 
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to step S208, and assumes T as the scheduled start-up time Ti. When No, 
the operation control means 19 advances the process to step S209, in which 
the operation control means 19 assumes time one minute after from T as T (T 
= T + 1 min). Then, the operation control means 19 returns the process to 
step S207. 

In step S210, the operation control means 19 adds the start-up time Ts 
(for example, 60 minutes) to the time T and assumes it as the scheduled power 
generation start time T2. 

Subsequently, the operation control means 19 assumes a time when 
the heat stored in the heat storage means 27 may become sufficient as the 
scheduled stop time T3 based on the calorie value data stored in the calorie 
value predicting means 34. 

In step S211, the fifth calculating means 40 calculates a start-up 
calorie value Hti by integrating the calorie values Ht of the calorie value data 
for the time period from the scheduled start-up time Ti to the scheduled power 
generation start time T2 and assigns a value obtained by subtracting H T and 
Hti from Gst to Gst. 

In step S212, the fifth calculating means 40 calculates the stored heat 
amount Gst by adding the recovered heat amount HRt from the fuel cell 13 to 
the stored heat amount Gst at time T and by subtracting the calories Ht of the 
calorie value data at the time T. 

In step S213, the operation control means 19 determines whether or 
not the stored heat amount Gstis not less than maximum heat storage 
amount Gsmax of the heat storage means 27 at the time T. When Yes, the 
operation control means 19 assumes the T as the scheduled stop time T3 in 
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step S214. When No, the operation control means 19 assumes time one 
minute after the T as the T in step S215, and returns the process to step S212. 

After assuming the scheduled start-up time Ti, the scheduled power 
generation start time T2, and the scheduled stop time T3 of the fuel cell 13 in 
the manner as described above, the operation control means 19 advances the 
process to step after V in Fig. 12 which follows V in Fig. 11, and determines 
the scheduled start-up time Ti, the scheduled power generation start time T2, 
and the scheduled stop time T3 of the fuel cell 13, considering the amount of 
primary energy consumed. 

In step S216A, the first calculating means 20 calculates a feed gas 
amount QGFCHt necessary for power generation of the calorie value Ht per 
minute of the calorie value data for the time period from the scheduled power 
generation start time T2 to the scheduled stop time T3, based on the heat 
recovery efficiency Ewh of the fuel cell system including the fuel cell 13, the 
fuel generator 11, etc, according to a formula (7), when the fuel cell 13 
generates and supplies electric power. In addition, the first calculating 
means 20 calculates primary energy amount AFCHt of primary energy 
consumed when the fuel cell system generates the electric power and supplies 
the electric power and the heat for the time period from the scheduled power 
generation start time T2to the scheduled stop time T3, based on the primary 
energy amount Agfcb per unit feed gas according to a formula (8A), and 
integrates AFCHt from T2 to T3 to obtain fuel cell power generation primary 
energy amount Afch. 

QGFCHt =Ht / Ewh (7) 
AFCHt = QGFCHt • Agfcb (8A) 



38 



In step S217A, the third calculating means 22 calculates the primary 
energy amount of primary energy consumed when the fuel cell system 
starts-up to obtain fuel cell start-up primary energy amount Afcs. In 
addition, the operation control means 19 adds the fuel cell power generation 
primary energy amount Afch output from the first calculating means 20 to 
the fuel cell start-up primary energy amount Afcs output from the third 
calculating means 22 to obtain second fuel cell primary energy amount AFC2. 

In step S218A, the fourth calculating means 36 calculates heat supply 
system heating calories QGHt required when the heat supply system 35 
supplies the heat of the calorie value Ht, based on the heat supply system heat 
efficiency Eh according to a formula (9). In addition, the fourth calculating 
means 36 calculates primary energy amount AHt of primary energy consumed 
when the heat supply system 35 supplies the heat of Ht based on the primary 
energy amount Aghb per unit heating calorie of the heat supply system 35 
according to a formula (10A), and integrates AHt from T2 to T3 to obtain heat 
supply system primary energy amount Ah. 

QGHt = Ht / Eh (9) 

AHt = QGHt • Aghb (10A) 

In step S219A, the second calculating means 20 calculates power value 
WFCtof the electric power generated when the fuel cell system generates and 
supplies electric power of the calorie value Htper minute of the calorie value 
data for the time period from the scheduled power generation start time T2 to 
the scheduled stop time T3 based on the power generation efficiency Ewe 
according to a formula (11), calculates primary energy amount AEt of the 
primary energy when the power system supplies WFCt according to a formula 
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(12A), and integrates AEt from T2 to T3 to obtain power system primary energy 
amount Ae. 

WFCt = Ht / Ewh • Ewe (11) 

AEt = WFCt • Aeb (12A) 

In step S220A, the operation control means 19 compares a sum of the 
power system primary energy amount Ae and the heat supply system primary 
energy amount Ah to the second fuel cell primary energy amount AFC2. 
When AFC2 is not more than Ae + Ah, the operation control means 19 advances 
the process to step S221A, in which the operation control means 19 decides 
the scheduled start-up time Ti, the scheduled power generation start time T2, 
and the scheduled stop time T3 of the fuel cell 13. In step S223A, the 
operation control means 19 starts-up the fuel cell system, at the scheduled 
start-up time Ti. On the other hand, when ArC2 is more than Ae + Ah, the 
operation control means 19 advances the process to step S222, in which the 
operation control means 10 cancels assumption of the scheduled start-up time 
Ti, the scheduled power generation start time T2, and the scheduled stop time 
T3 of the fuel cell 13, i.e., prohibits the start-up of the fuel cell 13 at the 
scheduled start-up time Ti. In step S224, the operation control means 19 
assigns the scheduled stop time T3 to the time T. Then, the operation control 
means 19 returns the process to step S207 from VI in Fig. 11 which follows VI 
in Fig. 12 and repeats the following steps. 

In accordance with the construction and the operation of the fuel cell 
system of this embodiment, in the heat load responsive operation of the fuel 
cell system which is configured to supply heat and electric power, reduction of 
the amount of the power system primary energy can be reflected. Therefore, 
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the fuel cell system can be operated while inhibiting wasteful energy 
consumption. 

In addition, although not shown, the fuel cell system may have the 
construction of the seventh embodiment and the construction of the fourth 
embodiment, and the controller 23 may be provided with a select switch (not 
shown) by which the seventh embodiment or the fourth embodiment is 
selected. In such a construction, a heat load responsive operation or a power 
load responsive operation can be selected according to the use condition of the 
fuel cell system. 

Further, by storing the power value and the calorie value in the power 
value storage means 17 and the calorie value storage means 33, respectively 
in such a manner that they may be distinguished between "a case where the 
user is at home" and "a case where the user is away from home," the power 
value predicting means 18 and the calorie value storage means 34 can 
construct the power value data and the calorie value data according to 
selection of "the case where the user is at home" or "the case where the user is 
away from home." Specifically, the controller 23 may be provided with a 
selecting means which the user selects "at home" or "away from home," so that 
the power value and the calorie value may be stored in the power value 
storage means 17 and the calorie value storage means 33, respectively in such 
a manner that they may be distinguished between "the case where the user is 
at home" and "the case where the user is away from home." Thereby, it is 
possible to predict the power value and the calorie value more accurately. 

Moreover, the controller 23 may be equipped with an operation time 
input means (not shown) by which the user can set the scheduled start-up 
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time Ti, the scheduled power generation start time T2, and the scheduled stop 
time T3 of the fuel cell 13 as desired. This makes it possible to operate the 
fuel cell system more appropriately considering planned activity of the user. 
(Embodiment 8) 

Fig. 13 is a flowchart showing a latter half of a flow of a control of a 
fuel cell system according to an eighth embodiment of the present invention. 
In the eighth embodiment, the operation control means 19 of the fuel cell 
system in the seventh embodiment is configured to compare CO2 generation 
amount and to decide the scheduled start up time Ti, the scheduled power 
generation start time T2, and the scheduled stop time T3 of the fuel cell 13. 
Specifically, the first calculating means 20 calculates the amount of CO2 
generated when the fuel cell 13 supplies heat corresponding to a calorie value 
of calorie value data for a predetermined time period to the heat storage 
means 27. The second calculating means 21 calculates an amount of electric 
power supplied to the power load 14 when the fuel cell 13 supplies the heat 
corresponding to the calorie value of the calorie value data for the 
predetermined period and the amount of CO2 generated when the power 
system supplies the amount of electric power. The third calculating means 
22 calculates the amount of CO2 generated when the fuel cell system 
including the fuel cell 13, the fuel generator 11, etc, starts-up. The fourth 
calculating means 36 calculates the amount of CO2 generated when the heat 
supply system 35 supplies heat corresponding to the calorie value of the 
calorie value data for the predetermined time period. 

Since the construction of the fuel cell system of the eighth embodiment 
and the flowchart showing a former half of the flow of the control of the fuel 
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cell system are identical to those in Figs. 10 and 11 of the seventh 
embodiment, they will not be described. 

Hereinbelow, a latter half of the flow of the control of the fuel cell 
system will be described. 

Referring to Fig. 13, in step S216B, the first calculating means 20 
calculates a feed gas amount QGFCHt required for power generation of the 
calorie value Htper minute of the calorie value data for the time period from 
the scheduled power generation start time T2 to the scheduled stop time T3 
based on the heat recovery efficiency Ewh of the fuel cell system according to 
the formula (7). In addition, the first calculating means 20 calculates the 
CO2 generation amount BFCHt of CO2 generated when the fuel cell system 
generates electric power for the time period from the scheduled power 
generation start time T2 to the scheduled stop time T3 and supplies the 
electric power and heat, based on the CO2 power generation amount Bgfcb 
per unit feed gas according to a formula (8B), and integrates BFCHt from T2 to 
T3 to obtain fuel cell power generation CO2 amount Bfch. 

BFCHt = QGFCHt • Bgfcb (8B) 

In step S217B, the third calculating means 22 calculates the amount of 
CO2 generated when the fuel cell system startsup to obtain fuel cell start up 
CO2 generation amount Bfcs. In addition, the operation control means 19 
adds the fuel cell power generation CO2 generation amount Bfch output from 
the first calculating means 20 to the fuel cell start up CO2 generation amount 
Bfcs output from the third calculating means 22 to obtain second fuel cell 
CO2 generation amount BFC2. 

In step S218B, the fourth calculating means 36 calculates heat supply 
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system heating calories QGHt required when the heat supply system 35 
supplies heat corresponding to the calorie value Ht based on the heat supply 
system heat efficiency Eh according to the formula (9). In addition, the 
fourth calculating means 36 calculates CO2 generation amount BHt generated 
when the heat supply system 35 supplies the heat of Ht based on the CO2 
power generation amount Bghb per unit calorie of the heat supply system 35 
according to a formula (10B), and integrates BHt from T2 to T3 to obtain heat 
supply system CO2 generation amount Bh. 

BHt = QGHt • Bghb (IOB) 

In step S219B, the second calculating means 21 calculates a power 
value WFCt of the electric power generated when the fuel cell system 
generates and supplies electric power corresponding to the calorie value Ht 
per minute of calorie value data for the time period from the scheduled power 
generation start time T2 to the scheduled stop time T3 based on the power 
generation efficiency Ewe according to the formula (ll), calculates CO2 
generation amount BEt of CO2 generated when the power system supplies the 
electric power of WFCt according to a formula (12B) and integrates BEt from 
T2 to T3 to obtain power system CO2 generation amount Be. 

BEt = WFCt • Beb (12B) 

In step S220B, the operation control means 19 compares a sum of the 
power system CO2 generation amount Be and the heat supply system CO2 
generation amount Bh to the fuel cell system CO2 generation amount BFC2. 
When BFC2 is not more than Be + Bh, the operation control means 19 
advances the process to step S221B, in which the operation control means 19 
decides the scheduled start-up time Ti, the scheduled power generation start 
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time T2, and the scheduled stop time T3 of the fuel cell 13. In step S223B, 
the operation control means 19 starts-up the fuel cell system at the scheduled 
start-up time Ti. On the other hand, when BFC2 is more than Be + Bh, the 
operation control means 19 advances the process to step S222B, in which the 
operation control means 19 cancels assumption of the scheduled start-up 
time Ti, the scheduled power generation start time T2, and the scheduled 
stop time T3, i.e., prohibits the start-up of the fuel cell 13 at the scheduled 
start-up time Ti. In step S224B, the operation control means 19 assigns the 
scheduled stop time T3 to the time T. Then, the operation control means 19 
returns the process to step S207 from VI in Fig. 11 which follows VI in Fig. 13 
and repeats the following steps. 

In accordance with the construction and the operation of the fuel cell 
system of this embodiment, in the heat load responsive operation of the fuel 
cell system configured to supply the heat and the electric power, reduction of 
the amount of CO2 generation in the power system can be reflected, and hence 
the fuel cell system can be operated while contributing to prevention of global 
warming. 
(Embodiment 9) 

Fig. 14 is a flowchart showing a latter half of a flow of a control of a 
fuel cell system according to a ninth embodiment of the present invention. In 
the ninth embodiment, the operation control means 19 of the fuel cell system 
of the seventh embodiment compares costs and to decide the scheduled 
start-up time Ti, the scheduled power generation start time T2, and the 
scheduled stop time T3. Specifically, the first calculating means 20 calculates 
a cost necessary when the fuel cell 13 supplies heat corresponding to a calorie 



45 



value of calorie value data for a predetermined time period to the heat storage 
means 27. The second calculating means 21 calculates an amount of the 
electric power supplied from the fuel cell 13 to the power load 14 when the fuel 
cell 13 supplies the heat corresponding to the calorie value of the calorie value 
data for the predetermined time period and a cost necessary when the power 
system supplies the amount of electric power. The third calculating means 
22 calculates a cost necessary when the fuel cell system including the fuel cell 
13, the fuel generator 11, etc starts*up. The fourth calculating means 36 
calculates a cost necessary when the heat supply system 35 supplies the heat 
corresponding to the calorie value of the calorie value data for the 
predetermined time period. 

Since the construction of the fuel cell system of the ninth embodiment 

and the flowchart showing a former half of the flow of the control of the fuel 

cell system are identical to those in Figs. 10 and 11 of the seventh 

embodiment, they will not be described. 

Hereinbelow, the latter half of the flow of the control of the fuel cell 

system will be described. 

Referring to Fig. 14, in step S216C, the first calculating means 20 
calculates a feed gas amount QGFCHt required for power generation of the 
power value Ht per minute of the power value data for the time period from 
the scheduled power generation start time T2 to the scheduled stop time T3 
when the fuel cell 13 generates and supplies the electric power based on the 
heat recovery efficiency Ewh of the fuel cell system according to the formula 
(7). In addition, the first calculating means 20 calculates a cost CFCHt 
necessary when the fuel cell system generates the electric power and supplies 
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the electric power and the heat for the time period from the scheduled power 
generation start time T2 to the scheduled stop time T3 based on the metered 
fare Cgfcb of the feed gas according to a formula (8B), and integrates CFCHt 
from T2 to T3 to obtain a fuel cell power generation cost Cfch. 
CFCHt = QGFCHt • Cgfcb (8C) 

In step S217C, the third calculating means 22 calculates a cost 
necessary when the fuel cell system starts-up to obtain fuel cell start-up cost 
Cfcs. In addition, the operation control means 19 adds the fuel cell power 
generation cost Cfch output from the first calculating means 20 to the fuel 
cell start-up cost Cfcs output from the third calculating means 22 to obtain a 
second fuel cost CFC2. 

In step S218C, the fourth calculating means 36 calculates heat supply 
system heating calories QGHt required when the heat supply system 35 
supplies the heat corresponding to the calorie value Ht based on the heat 
supply system heat efficiency Eh according to the formula (9). In addition, 
the fourth calculating means 36 calculates a cost Cm necessary when the heat 
supply system 35 supplies the heat corresponding to Ht based on the metered 
fare Cghb of the heat supply system 35 according to a formula (10C), and 
integrates CHt from T2 to T3 to obtain the heat supply system cost Ch. 
Cm = QGHt • Cghb (10C) 

In step S219C, the second calculating means 21 calculates a power 
value WFCt of the electric power generated when the fuel cell system 
generates and supplies the electric power corresponding to the calorie value 
Htper minute of the calorie value data from the scheduled power generation 
start time T2 to the scheduled stop time T3 based on the power generation 
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efficiency Ewe according to a formula (ll), calculates cost CEt necessary when 
the power system supplies the electric power of WFCt according to a formula 
(12C), and integrates CEt from T2 to T3 to obtain power system cost Ce. 
CEt =WFCt • Ceb (12C) 

In step S220C, the operation control means 19 compares a sum of the 
power system cost Ce and the heat supply system cost Ch to the fuel cell 
system cost CFC2. When CFC2 is not more than Ce + Ch, the operation control 
means 19 advances the process to step S221C, in which the operation control 
means 19 decides the scheduled start-up time Ti, the scheduled power 
generation start time T2, and the scheduled stop time T3. In step S223C, the 
operation control means 19 starts-up the fuel cell system at the scheduled 
start-up time Ti. On the other hand, when CFC2 is more than Ce + Ch, the 
operation control means 19 advances the process to step S222C, in which the 
operation control means 19 cancels assumption of the scheduled start-up time 
Ti, the scheduled power generation start time T2, and the scheduled stop time 
T3, i.e., prohibits the start-up of the fuel cell 13 at the scheduled start-up time 
Ti. In step S224C, the operation control means 19 assigns the scheduled 
stop time T3 to the time T. Then, the operation control means 19 returns the 
process to step S207 from VI in Fig. 11 which follows VI in Fig. 14 and repeats 
the following steps. 

In accordance with the construction and the operation of the fuel cell 
system of this embodiment, reduction of the cost of the power system can be 
reflected in the heat load responsive operation of the fuel cell system 
configured to supply the heat and the electric power, and hence the fuel cell 
system can be operated economically. 
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(Embodiment 10) 

Fig. 15 is a view showing a construction of a fuel cell system according 
to a tenth embodiment of the present invention. In Fig. 15, the same 
reference numerals as those of the fourth embodiment denote the same or 
corresponding parts, which will not be further described. 

The fuel cell system of this embodiment comprises, in addition to the 
construction of the fuel cell system in Fig. 6, a temperature detecting means 
configured to directly or indirectly detect a temperature of a portion which 
controls a speed of the start-up of the fuel cell 13 at the start-up of the fuel cell 
13. Herein, the fuel generator 11 is provided with a fuel generator 
temperature detecting means 41, or the fuel cell 13 may be provided with a 
fuel cell temperature detecting means, thereby providing similar effects. 

An operation performed before and at the start-up of the fuel cell 13 
in the tenth embodiment constructed as described above will be described. 
Fig. 16 is a flowchart showing a front half portion of a flow of a control of the 
fuel cell system. Since steps S301 to S308 in Fig. 16 are identical to steps SI 
to S6 in Fig. 2 of the first embodiment, they will not be described. 

In step S309, the third calculating means 22 determines a start-up 
mode based on a temperature Ko detected by the fuel generator detecting 
means 41 at current time To. Herein, a short start-up mode is used when the 
temperature Ko is not less than a predetermined temperature Kf and a long 
start-up mode is used when less than the predetermined temperature Kf. It 
should be noted that the temperature of the fuel generator 11 or the fuel cell 
13 at the scheduled start-up time Ti can be estimated from heat radiation 
amount which is a function between ambient temperature and the time period 
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from the current time To to the scheduled start-up time Ti. Accordingly, to 
determine the start-up mode, the temperature (start-up temperature) Ki of 
the fuel generator 11 at the scheduled start-up time Ti which is estimated 
using the function may be compared to the predetermined time Kf. 
Alternatively, a start-up mode correspondence table which contains variables 
of a temperature difference between the directed temperature Ko and ambient 
temperature and the time from the current time To to the scheduled start-up 
time Ti may be created in advance and stored in the third calculating means 
22, and the third calculating means 22 may select the start-up mode from the 
start-up mode correspondence table. In a further alternative, the third 
calculating means 22 may calculate the start-up time Ts based on a 
temperature difference between the start-up temperature Ki and a 
temperature (power generation start temperature) K2 required at the start of 
power generation. 

In step S310-1, the operation control means 19 adds the start-up time 
Ts (for example, 60 minutes in the long start-up mode and 30 minutes in the 
short start-up mode) preset according to each start-up mode to the time T and 
assumes it as the scheduled power generation time T2. 

In step S310-2, the operation control means 19 assigns the scheduled 
power generation time T2 to T. 

In step S310-3, the operation control means 19 determines whether or 
not Y% or more (for example, 80% or more, 24 values or more) of power values 
Wt (30 values from Wt to Wt + 30) for a predetermined time Xi (for example, 
30 minutes) after T is not less than the minimum power generation amount 
Wmin of the fuel cell system. When Yes, the operation control means 19 
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advances the process to Step S3 11. When No, the operation control means 19 
assumes time (start-up time Ts-one minute) before T as the T, and returns 
the process to step S306. 

Since steps S311 to S313 are identical to steps S8 to S10 in Fig. 2 of 
the first embodiment, they will not be described. 

After assuming the scheduled start-up time Ti, the scheduled power 
generation start time T2, and the scheduled stop time T3 of the fuel cell 13 in 
the manner as described above, the operation control means 19 advances the 
process to step after VII in Fig. 17 which follows VII in Fig. 16, and decides 
the scheduled start-up time Ti, the scheduled power generation start time T2, 
and the scheduled stop time T3of the fuel cell 13, considering the amount of 
primary energy consumed. 

Specifically, these steps are identical to the steps S111A to S120 in Fig. 
7 of the fourth embodiment, and hence will not be described. 

It should be noted that, in step S112A, the third calculating means 22 
calculates or decides the amount of primary energy consumed when the fuel 
cell system starts-up according to the start-up time Ts or the start-up mode to 
obtain fuel cell start-up primary energy amount AFCS. 

In accordance with the construction and operation of the fuel cell 
system of this embodiment, the start-up time Ts and the fuel cell start-up 
primary energy amount Afcs are predictively calculated according to the 
temperature condition of the fuel cell system. Therefore, in addition to the 
effects described ion the fourth embodiment, the fuel cell system can be 
operated while further inhibiting wasteful energy consumption. 

Alternatively, after assuming the scheduled start-up time Ti, the 
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scheduled power generation start time T2, and the scheduled stop time T3 of 
the fuel cell 13, in steps after VII in Fig. 17, the scheduled start-up time Ti, 
the scheduled power generation start time T2, and the scheduled stop time T3 
of the fuel cell 13 may be decided considering the CO2 generation amount by 
the operation in steps S111B to S120B in Fig. 8 of the fifth embodiment. It 
should be noted that, in step S112B, the third calculating means 22 calculates 
or decides the amount of CO2 generated when the fuel cell system starts-up 
according to the start-up time Ts or the start-up mode to obtain fuel cell 
start-up CO2 generation amount Bfcs. 

Thereby, the start-up time Ts and the fuel cell start-up CO2 generation 
amount Bfcs are predictively calculated according the temperature condition 
of the fuel cell system, in addition to the effects described in the fifth 
embodiment. Therefore, the fuel cell system can be operated while inhibiting 
the CO2 generation amount and contributing to prevention of global warming. 

Alternatively, after assuming the scheduled start-up time Ti, the 
scheduled power generation start time T2, and the scheduled stop time T3 of 
the fuel cell 13, in steps after VII in Fig. 17, the scheduled start-up time Ti, 
the scheduled power generation start time T2, and the scheduled stop time T3 
of the fuel cell 13 may be decided considering the cost by the operation in steps 
S111C to S120C in Fig. 9 of the sixth embodiment. It should be appreciated 
that in step S112C, the third calculating means 22 calculates or decides the 
cost necessary when the fuel cell system starts-up, according to the start-up 
time Ts or the start-up mode to obtain fuel cell start-up cost Cfcs. 

Thereby, the start-up time Ts and the fuel cell start-up cost Cfcs are 
predictively calculated according to the temperature condition of the fuel cell 
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system, in addition to the effects described in the sixth embodiment. 
Therefore, the fuel cell system can be operated more economically. 

As used herein, the controller is meant to include not only a single 
controller but a controller group configured to execute a control in cooperation 
with one another. So, the controller 23 may be configured such that a 
plurality of controllers are distributed and may be configured to control the 
fuel cell system in cooperation with one another. 

The power generation efficiency Ewe, the heat recovery efficiency Ewh, 
the primary energy amount AGFCB per unit feed gas, the primary energy 
amount Aeb per unit power, the CO2 generation amount BGFCB per unit feed 
gas, the CO2 generation amount BEBper unit power, the metered fare Cgfcb of 
the feed gas, the metered fare Ceb of the power system, the fuel cell start-up 
primary energy amount Afcs, the fuel cell start-up CO2 generation amount 
Bfcs, the fuel cell start-up cost Cfcs, the primary energy amount Aghb per 
unit heating calorie of the heat supply system 35, the CO2 generation amount 
Bghb per unit calorie of the heat supply system 35, the metered fare Cghb of 
the heat supply system 35, the heat supply system heat efficiency Eh and the 
start-up time Ts may be preset in the controller 23, or the controller 23 may be 
equipped with an input means (not shown) by which these data are input to be 
stored and updated in the respective means within the controller 23 which use 
these data. 

The primary energy amount Agfcb per unit feed gas may be 
represented by Aeb, weight units of coal oil or by calorie units. 

The CO2 generation amount BGFCB per unit feed gas may be 
represented by weight units of coal oil or by calorie units 
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The CO2 generation amount Beb per unit power can be calculated in 
advance or be gained from power system company according to the type of 
power generation equipment of the power system and the heat efficiency of the 
power generation equipment and power transmission equipment. 

In order to allow the power value predicting means 18 and the calorie 
value predicting means 34 to construct the power value data and the calorie 
value data, it is necessary to store the power values and calorie values in the 
power value storage means 17 and the calorie value storage means 33, 
respectively. This storage typically requires a time period about fifteen days 
to a month after the power value and the calorie value start to be detected. 
So, the operation control means 19 decides the scheduled start-up time Ti, the 
scheduled power generation start time T2, and the scheduled stop time T3 
after an elapse of the time period of about fifteen days to a month after 
installation of the fuel cell system. Alternatively, before installation of the 
fuel cell system, the power values of the electric power and calorie values of 
the heat which are to be supplied to the equipment may be detected in 
advance and histories thereof may be pre -stored in the power value storage 
means 17 and the calorie value storage means 33, respectively. 

Numerous modifications and alternative embodiments of the 
invention will be apparent to those skilled in the art in view of the foregoing 
description. Accordingly, the description is to be construed as illustrative 
only, and is provided for the purpose of teaching those skilled in the art the 
best mode of carrying out the invention. The details of the structure and/or 
function maybe varied substantially without departing from the spirit of the 
invention and all modifications which come within the scope of the appended 
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claims are reserved. 
[Industrial Applicability] 

The fuel cell system of the present invention is useful as a fuel cell 
system and a fuel cell cogeneration system capable of operating considering 
energy resources, environmental load or economy. 



